In Islamic Finance (IF hereafter), the safety-first rule of investing (hifdh almal) is held to be of utmost importance. According to the honesty principle (amanah), the Islamic portfolio manager (mudharib) is committed to do his best to fulfill this investing rule. This involves the use of the most appropriate management tools. The use of the normal assumption in the financial modeling is growing criticized. This also applies to Islamic Finance which assets' show empirical evidence such as asymmetry, heavy-tail and volatility clustering. For these reasons, we suggest the use of the stable and tempered stable distributions and the Student's t related copulas for portfolio modeling. The optimal portfolios are then selected and their performances are measured employing the STARR and Rachev ratios. We demonstrate, in this paper, that the simulated data based on stable and tempered stable distributions and related Student's t copula methods significantly improve the performance of IF portfolios, which even outperform non-Islamic ones, especially in stressed financial periods.
Introduction
The Islamic finance market is thriving, due to the growing Muslim population estimated to be 1.6 billion and the increasing investors' demand on Sharia compliant products (GIFR-2010) . Sharia refers to the Islamic jurisprudence, which forbids business transactions based on the following: Interest, uncertainty, gambling, short sales and Sharia prohibited products and industries such as tobacco, alcohol and armaments industry. The IF' guidelines are formulated by the Sharia scholars in form of sector screens and Sharia screens.
The Islamic portfolio manager (mudharib), is committed to do his best according to honesty principle (amanah). This involves the use of the appropriate tools to manage portfolios: A delicate task, due to the different restrictions applied in IF namely the prohibition of speculation and short selling. Once an IF screen is violated, the asset is 1 KIT-Karlsruhe Institute of Technology, Germany 2 KIT-Karlsruhe Institute of Technology, Germany considered non-Sharia compliant. The narrowness of the Islamic assets' universe is a further complication. New Sharia compliant stocks are not easily reliable and the gains of changing to conventional stocks are declared as losses: The dividends are, then versed to charity according to the purification (tathir Shari) rule.
To determine a companie's eligibility for Sharia compliant investment, its stocks are screened to ensure that each stock meets the Sharia standards. Companies with activities associated with alcohol, tobacco, weapons, pork-related products, conventional financial services such as banks, insurance companies, brokerage and investment of funds as well as entertainment companies (casinos, gambling halls and hotels) are excluded. This also applies to businesses, which returns, ownership or financial resources belong to companies in the categories listed above. In order to exclude residual conflicts, two filters are applied to the financial statements of the remaining businesses: (1) The interest income divided by the total income must be less than 5%. (2) The total debt divided by the total assets must be less than 33% divided by trailing 12-month average market capitalization. The used screens are compliant to the most common Sharia screening guidelines (Derigs and Marzban, 2008) . In this paper, we introduce the short sell ban Sharia guideline as a further restriction for the portfolio selection.
In this paper, we analyze the components of the Dow Jones composite index (DJA) including the Dow Jones industrial average (DJI), the Dow Jones transportation average (DJT) and the Dow Jones utility average (DJU) indexes. The DJA components gain the interest of this study thanks to the nature of their activities in the industrial, transport and utility fields. The DJA stocks are also attractive as these are exempt from additional Sharia compliance issues, such as hosting of music or pornography -as it is the case for internet companies-or alcohol trade under some clothes manufacturing deposit marks. Furthermore, the DJA companies are also concerned with issuing Islamic financial products such as Salam or Istisna' Sukuks.
As initial data in this paper we analyze the log returns of the DJA components, covering the period from 04/15/2002 to 04/25/2007 for a total of 1267 daily observations. We choose the period till 04/25/2007 to test the ability of the model to persist under the 2008 crisis. Based on the Sharia screening, only 38 stocks are qualified as Sharia compliant.
All Islamic stocks are modeled expect two: the Alex airlines company stock, first included on 04/26/2007 with 1.27% of the DJT index weight, and the DAL airlines company, included only on 10/02/2008, with 4.54% of the DJT index weight. Both are not part of the DJA components during the modeling period. The companies previous to these two are excluded according to the survivorship bias. Among the non-Islamic stocks, only the UAL stock started 06/14/2001 with 2.91% of the DJT index weight is not considered. The previous are also excluded according to the survivorship bias. Despite neglecting two weighting Sharia compliant stocks, the Islamic portfolios have shown better results.
The empirical evidence of the analyzed Islamic stocks exhibits asymmetry, heavy-tail and volatility clustering (Mandelbrot, 1963) , therefore, we employ the stable distributions as an alternative to the normal distribution to model the Islamic stocks (Rachev and Mittnik. 2000) . We also use flexible dependence structures beyond the simple linear correlation to account for (1) the asymmetry of dependence and (2) the dependence of the tail events (Rachev et al. 2005 ).
Based on the empirical evidence, we propose the following model: We first apply the principal component analysis (PCA) to the portfolio components. The identified principal components explain the majority of the portfolio variance. The dimension of the dependence structure is reduced (Pearson. 1901 , Hotteling. 1933 , Jolliffe. 2002 . Then, we model the PCA factors and residuals with the ARMA-GARCH model, the standard central tempered stable (stdCTS-ARMA-GARCH) and thestable distributed innovations ( -stable ARMA-GARCH) (Kim et al. 2008 (Kim et al. , 2009 (Kim et al. , 2010a . Finally, the dependencies are modeled with the symmetric and asymmetric Student's t copulas valued at the marginal innovations (Demarta and McNeil. 2005) .
In this paper, the portfolio optimization is performed using the mean-variance (MV) (Markowitz, 1952) , the Sharpe ratio (SR) , the AVaR ) and the STARR ratio optimization (Martin et al. 2003) . For the portfolio performance measurement, we use the Sharpe ratio (Sharpe, 1966) , the STARR ratio and the Rachev ratio (Biglova et al. 2004 ).
The remainder of this paper is organized as follows: In section 2 we describe a methodology to build the portfolio asset returns' scenarios. In section 3, we discuss the portfolio selection and present the portfolio results. Finally, our conclusions are summarized in section 4.
Scenarios' generation algorithm
The employment of the ARMA-GARCH model for the analyzed stocks is confirmed by the simple Ljung-Box Q-statistic test (Box et al. 1994 , Engle. R. F. 1986 , Bolleslev. T. 1986 ). The null hypothesis of normality is rejected for more than 70% of the stocks applying the Kolmogorov-Smirnov test and for all stocks by the Jarque Bera test, applied to the ARMA-GARCH filtered residuals. The innovations are, therefore, approximated with the -stable distribution, which leads to significantly better results: The stability parameter is less than 2 and the kurtosis is much higher than 3. The skewness parameter γ and the stable parameter are always different from zero. The approximation of the innovations via stdCTS distribution leads to better results than with -stable: The stdCTS distribution assumption is not rejected for all stocks (Rachev et al. 2007 ).
We present next, the algorithm proposed to generate the future returns using thestable and tempered stable distributions with Student's t and skewed Student's t copulas (Rachev et al. 2005 , Cherubini et al. 2004 ).
The log-returns are given by: Kim et al. 2011 ).
In the next step, we transform the normalized residuals to , where and or are the cumulative density functions for the -stable and the standard central tempered stable distribution respectively. Afterwards, N scenarios for each of the standardized innovation series are simulated. The sample distribution function of the marginal distribution is used to transform the N simulations in uniform ones.
In order to account for the asymmetry of dependence and the dependence of the tail events phenomena, we use the symmetric and asymmetric Student's t copulas to fit the empirical standardized innovations. We estimate both used copula parameters (Mashal and Zeevi. 2002 , Breymann et al. 2003 , Abramowitz and Stegun. 1965 ).
The d-dimensional vector of the empirical standardized innovations is then approximated with a symmetric or an asymmetric Student's t distributed d-dimensional vector Kotz. 1972, Kotz et al. 2000) . At this stage, Student's distributed and skewed Student's t distributed scenarios of the vector of the standardized innovations are generated.
After that, we generate N scenarios of the uniform random distributed vector, whose cumulative distribution functions are the symmetric or the asymmetric Student's t copula.
Once the -stable and the stdCTS distributed marginal functions of the standardized innovations are calculated and the uniform random vector scenarios determined, N scenarios of the dependent normalized innovation vector are generated. As a result, N scenarios of innovations vector can be generated and the N scenarios of factors at are produced. In order to estimate the future returns valued at time , we generate N scenarios for the residuals of the factor model given by:
The residuals of the factor model are also approximated with -stable and stdCTS ARMA(1,1)-GARCH(1,1) models. N scenarios for the residuals are generated. Finally, the scenarios of returns are obtained by:
Where:
The portfolio selection
Next, we introduce the methods employed for the portfolio optimization and the used portfolio performance measures.
The portfolios optimization
We put forward the selection tools used to form the portfolios with the maximum trade-off between risk and expected return. We enumerate below the different portfolio optimization methods used in this paper:
Mean-variance optimization
The mean-variance (MV) framework is the first reward-risk model. With the expected portfolio return as a reward measure and the variance as a risk measure, the optimization problem is given by:
Where, ; and for and with is the lower bound of the expected variance formulated as the objective function given by:
Sharpe ratio optimization
The portfolios are compared in terms of their expected return for a unit of risk. Using the Sharpe ratio, we choose the portfolio with the highest ratio as it provides the highest expected return per unit of risk (Sharpe. 1994) . The Sharpe ratio optimization problem is given by:
And: .
Mean risk optimization
Variance is not a risk measure, but a dispersion measure. Consequently, we suggest as an alternative, the mean-risk optimization problem:
Where: and R * is the upper bound on the portfolio risk. ρ(r p )
can be VaR or CVaR or any other risk measure where the proposed reward measure is still the expected return.
a) CVaR optimization
The portfolio VaR optimization is a problem with chance constraints, which is difficult to optimize for non-normal distributions (Artzner et al. 1999) . As an alternative, we use the coherent risk measure AVaR, also known as CVaR or ETL (Pflug. 2000) . The AVaR is sub-additive and accounts for risks beyond the VaR. It is also easy to optimize for non-normal distributions (Rockafellar and Uryasev. 2002) .
The AVaR optimization problem is described by a minimization formula, where the mathematical expectation is replaced by the sample average:
, With is a vector of auxiliary variables, is a vector of ones, and is an additional variable yielding the VaR quantile at tail probability
b) STARR optimization
The Stable Tail-Adjusted Return Ratio (STARR) is a ratio using the risk measure AVAR. Following the approach described by Rockafellar and Uryasev (2000) , the STARR optimization problem can be solved by :
.
The portfolio performance measurement
We measure the performance of the optimized portfolios using the (1) performance ratios and (2) the sample path of the realized final wealth.
The performance ratios
In order to compare the portfolios performances, we use three performance ratios:
The standard Sharpe ratio (SR) and two alternatives, the STARR ratio and the Rachev ratio. The SR is a reward-to-variability (RV) ratio, which calculates the adjust return for a unit of risk. It is given by:
With, r p is the portfolio return and r b is the benchmark return.
The standard deviation penalizes both the upside and the downside potential of the portfolio return. It is also non-coherent and has an infinite value for stable distributions. Alternatives to the RV ratios are the reward to risk ratios, with the expected active portfolio return as the reward functional and ρ(x) as a coherent risk measure:
The STARR ratio has the AVaR as risk measure. It is generalized by the Rachev ratio, which is defined as the ratio between the AVaR of the opposite of the excess return at a given confidence level and the AVaR of the excess return at another confidence level. The Rachev ratio permits to value the investor's performance correctly, due to the flexibility of the reward measure. It is given by:
With, the tail probability defining the quantile level of the reward measure and the tail probability of AVaR.
An empirical comparison among the different portfolio strategies
For comparison purposes, the same procedure described above is repeated using an ARMA-GARCH model with normal innovations and the variance-covariance matrix as dependence structure. Both Islamic and non-Islamic stocks are considered for comparison. The returns for each future date are obtained as the mean of the N generated scenarios.
The same is applied to the model factors and residuals:
For, . When the future scenarios are generated, we assume that investors purchase the market portfolio with diverse reward-risk perceptions.
In order to determine the weights of the optimal portfolio, we consider the sample path of the final wealth obtained from the different portfolio strategies. The initial wealth W 0 is settled equal to 1 and the portfolio is calibrated every 3 months, according to the advices of Sharia board (3-6 months to avoid gambling). For the period from 04/26/2007 to 05/06/2011, the portfolio is calibrated 16 times in 1008 days. The determined optimal portfolio weights are the new starting point for the next calibration. The ex-post final wealth is given by:
With: such that refers to the weights vector of the market portfolio and to the portfolio calibration realized each 3 months. The realized wealth paths are represented in figures 1 to 8, which show that the Islamic portfolios are obviously better performing than the non-Islamic ones. Moreover, the methods based on the simulated data outperform the historical data based methods. The non-normal methods superiority is recognizable. The higher final wealth is registered for the STARR ratio optimization of the stdCTS distribution with Student's t copula method.In the next paragraph, we want to examine the performance of the implemented strategies for each year, using the performance ratios already discussed.
The portfolios selection results
A lower absolute value of a negative result for both STARR and RR' ratios, indicates a higher risk (Serbinenko and Rachev. 2009 ). The SR leads to an inverse ranking by decaying markets with identically negative excess returns, consistent with a risk-seeking investor (Israelsen. 2003 , Plantinga. 1999 . The ratios' results for each year are presented in tables 1 to 12 and discussed below. The benchmark used to measure excess return is the Dow Jones Islamic Market Index (DJIMI).
Here tables from 1 to 12
The generated data allows different levels of analysis. We propose to analyze the collected results of the portfolios' performances for each of the 4 studied financial years (see Tables) as follows: (1) First, we consider the performance of Islamic portfolios vis-à-vis non-Islamic portfolios. (2) Then, we compare the simulated methods -normal and stable-with the historical one under the optimization tools: MV, SR, STARR and CVaR99%. (3) Finally, we examine the ranking of optimal portfolios by the Sharpe performance ratio and two alternatives: The STARR and the Rachev performance ratios.
First, the comparative performance analysis of conventional and Sharia compliant portfolios is carried out, for each year of observation by comparing the results from the different methods under each of the optimization tools and performance ratios applied.
Then, we focus on Islamic portfolios and propose to find out the simulated or historical data method, which lead to the best ratios under the different optimization tools. Aim is, to validate weather considering the empirical evidence of the Islamic stocks e.g. asymmetry, heavy-tail and volatility clustering in the suggested simulations' generation processes, enhances the results in comparison with the normal assumption based process and the historical data method. Finally, we examine if the suggested risk measures help improve the results with respect to the risk aversion (hifdh almal) safety rule.
We optimize the Islamic portfolios and analyze the sample paths of the future wealth, especially in critical IF periods. An ex-post analysis enables us to compare the portfolios' returns computed using the different suggested approaches. The used performance measures are appropriate for both ex-ante (expected) and ex-post (historical) returns. We apply the Sharpe, STARR and Rachev ratios to the realized portfolio returns in order to analyze the relationship between risk and reward. The DJIMI index is the benchmark for measuring excess return.
We consider the results of the Sharpe ratio in tables 1, 2, 3 and 4 for both Islamic and non-Islamic portfolios: Islamic portfolios are more efficient within the 1 st and 2 nd year, whereas for the 3 rd and 4 th year, non-Islamic portfolios show better results. We can see that the stable stdCTS simulated data methods achieve promising results for the Islamic portfolios: For the 1 st year, the α-stable skewed Student's t copula and the stdCTS skewed Student's t copula models show the best ratios under the MV and CVaR 99% optimizations respectively. As to the 2 nd year, the best performances are achieved by the α-stable Student's t copula model under CVaR99%, as well as the stdCTS Student's t copula model under STARR optimization. This holds true equally for the 3 rd year, where, under the CVaR99%, SR and STARR optimization tools, the stdCTS skewed Student's t copula, the stdCTS Student's t copula and the α-stable skewed Student's t copula respectively generate the best ratios. The same also applies to the 4 th year: The α-stable skewed Student's t copula and the α-stable Student's t copula model have the best performances under the SR and STARR ratio optimization tools.
As an alternative to the Sharpe ratio, we use the STARR ratio with the risk measure AVaR, which replaces the standard deviation in the denominator. In the following, we consider the STARR ratio results presented in tables 5, 6, 7 and 8 for both Islamic and conventional portfolios: Within the 1 st and 2 nd year of observation, we can note the superiority of Islamic portfolios over non-Islamic ones. The 3 rd year, however, witness the opposite situation in favor of the non-Islamic portfolios. In the 4 th year, the Islamic portfolios -evaluated under the four optimization tools-regain the primacy over non-Islamic ones showing significantly better results.
In this section, we propose to focus on the results of the Islamic portfolios: For the 1 st year, we see that the α-stable skewed Student's t copula, the skewed Student's t copula and the α-stable Student's t copula model achieve the best performances under the MV, CVaR99% and STARR optimization tools respectively. For the 2 nd year, the best ratios are obtained through the stdCTS Student's t copula model and the α-stable Student's t copula under CVAR99% and STARR optimization respectively. Within the 3 rd year, the best results are noticed for the stdCTS skewed Student's t copula model under CVaR99% optimization, as well as the α-stable skewed Student's t copula under both SR and STARR optimizations. The results of the 4 th year show the superiority of the stdCTS skewed Student's t copula over the other models under the MV, SR and STARR optimizations.
In the following, we examine the Rachev ratio's results in the tables 9, 10, 11 and 12 for both Islamic and conventional portfolios: During the 1 st year, the Islamic portfolios outperform the non-Islamic ones. However, the results of the 2 nd year are in favor of the non-Islamic portfolios except for the mean-variance optimization tool. The Islamic portfolios show again better results than the non-Islamic ones for the third year. For the fourth year, both performances are comparable.
We notice that the results of the stable simulated data are, here also advantageous for the Islamic portfolios: For the 1 st year, the stdCTS skewed Student's t copula under the MV optimization, outdoes the remaining models. For the 2 nd year, under the MV, as well as the SR optimization, the highest ratios correspond to the use of the stdCTS skewed Student's t copula model, while under CVaR99% optimization; the best performances are achieved through the α-stable Student's t copula model. The stdCTS Student's t copula is superior to the other models under the STARR optimization. As to the 3 rd year, we see that under the MV, CVaR99% and SR optimization, the α-stable Student's t copula, the skewed Student's t copula and the α-stable skewed Student's t copula are respectively the best performing models. For the 4 th year, under the MV and CVaR99% optimization, the best ratios are observed for the stdCTS Student's t copula and the stdCTS skewed Student's t copula model respectively. The α-stable skewed Student's t copula model performs better under the SR and STARR optimization tools.
We come to the conclusion that Islamic portfolios generally outperform Sharia noncompliant ones. Comparing the results achieved on the base of historical and simulated data, we can see that the performance of the optimal portfolios improves significantly, when stable simulated data methods are used. Considering the different chosen portfolio optimization tools, we can draw the conclusion that the best optimal portfolio -given the different employed performance ratios and the realized final wealth-is achieved by applying the STARR optimization tool over the data simulated with the help of the stdCTS distribution and the skewed Student's t copula.
We also notice that the MV optimization generates almost the highest ratios relative to the Sharpe, STARR and Rachev ratios. Nevertheless, it achieves smaller final wealth for the different historical and simulated data methods than the SR and STARR optimization tools. The latter leads to a general amelioration of the results achieved utilizing the different historical and simulated methods, especially with the use of the stable simulated methods.
From the collected results in tables 1 to 12, we come to the conclusion that the Sharpe, STARR and Rachev ratios rank the portfolios differently. The results, considering the Sharpe ratio, vary from those achieved applying the STARR and Rachev ratios. Nevertheless, all three demonstrate that the simulated stable methods outperform both simulated normal and historical data methods.
It is also visible, that the stdCTS simulated data method is slightly superior to the α-stable simulated data method and that the skewed Student's t copula outperforms the Student's t copula. We remark that the best final wealth results are achieved by the stable and stdCTS simulated methods with the use of the Student's t copula and the skewed Student's t copula.
Considering the performance ratios as well as the final realized wealth process, we notice the positive impact; the use of the suggested methods has on the portfolios' performance. Obviously, the use of the suggested stable simulated methods in this paper generally enhances the results with regard to the different portfolio optimization tools and performance ratios utilized. Furthermore, the suggested methods are more appropriate for IF, since they are more harmonious with the Sharia perspective of risk awareness by focusing more on the tail risk examination (AlSuwailem 2000 (AlSuwailem , 2006 .
Conclusions
In this paper, we provide methodologies to manage Islamic portfolios based on empirical evidence regarding the behavior of the Islamic stocks such as : asymmetry, heavy-tail and volatility clustering. We also compare the dynamic portfolio strategies consistent with the behavior of investors based on realistic simulated scenarios.
We first suggest a reduction of the dimensionality of the problem using the PCA method. Then, we model the returns by means of a factor model on the finite number of the principal components extracted from the IF and conventional portfolios. The factors (i.e. principal components) and the residuals of the factor model are approximated by an ARMA(1,1)-GARCH(1,1) model with the α-stable and the standard central tempered stable innovations. Furthermore, we propose a nonGaussian copula dependence modeling for the innovations of the factors: The Student's t copula and the skewed Student's t copula. This approach enables us to generate realistic future scenarios.
We also present a methodology to compare the proposed dynamic portfolio strategies, which are consistent with the behavior of investors. The optimization tools used are implemented with respect to the risk aversion, the safety-first investment rule (hifdh almal) and the short sale ban. We optimize the Islamic portfolios and analyze the sample paths of the future wealth obtained under application of the different performance ratios, especially in critical IF periods.
Islamic portfolios outperform, on average, Sharia non-compliant ones. The simulated data methods have generally shown better results than the historical data. With regard to the simulations, the α-stable and standard central tempered stable methods outperform the normal methods. Furthermore, the stdCTS simulated data method is superior to the α-stable simulated data method and the skewed Student's t copula has shown better results modeling Sharia compliant stocks than the Student's t copula.
Given the findings presented in this paper, we recommend the use of the nonGaussian simulated data based on the α-stable and the standard central tempered stable distributions in combination with the non-Gaussian copula dependence: The Student's t copula and the skewed Student's t copula. We also suggest the STARR and the Rachev performance ratios as superior alternatives to the Sharpe ratio. These alternatives are more consistent with the Sharia perspective of risk as they employ the coherent risk measure: AVAR. The tools suggested in this paper form a superior apparatus for portfolio management in Islamic Finance. Islamic portfolios minimizing CVaR 99% and using either real data or simulated data.
Fig. 7.
This figure compares the ex-post final wealth for the Islamic portfolios obtained maximizing the STARR ratio and using either real data or simulated data. Fig. 8 . This figure compares the ex-post final wealth for the non-Islamic portfolios obtained maximizing the STARR ratio and using either real data or simulated data. 
